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~analogous to…

(kinematically)

Analogue gravity in interfacial hydrodynamics

White hole: time reversal of the black hole( 𝑡 −> −𝑡) ~ White fountain

William Unruh 
(1981)[1]

Stephen Hawking (1974)[2]

Matt Visser (1998)[3]

Euvé et al (2016) [5]

Weinfurtner et al (2011)[4]
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~analogous to…

(kinematically)

Resonant cavity Laser beam

Excitable 
particle

semi-transparent 

mirror

mirror

Energy 
source

Superluminal

correction in 

supercritical region

Subluminal correction in 

subcritical region

Definition of the black hole laser effect: it is the 
amplification of Hawking radiation due to 
successive bouncing of trapped modes on two 
horizons which would act as active mirrors as in an 

optical laser

schematic representation of a laser effect between 

an inner and outer horizon

Corley and Jacobson (1999) [7]: 

two active semi-transparent 

mirrors
Examples:

BEC, circular
jump

Example:
Flow in a free 
surface channel

Vilenkin (1978) [6] : one active 

semi-transparent mirror + one 

mirror
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Numerical existence of the black hole laser effect

Faccio et al (2012) [8]: Optical black hole laser

Peloquin et al (2016)[9]:

Hydrodynamic black hole laser

Low speeds gradients High speeds gradients

Without dissipation

- The velocity field is imposed 

- Stable horizons

Robertson and Rousseaux [10]
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Ingredients for the usual black laser effect (as discussed in literature):

1

You need

two stable 

horizons

A superluminal or 

subluminal dispersive 

correction

2

A trapping cavity with a 
flow regime compatible 

with the dispersive 
regime

3

Mixing of positive 
and negative 

modes

4

To avoid modes 
dissipation

5

No experimental measurement Steinhauer (2022) [11]



I) Flow over 2 obstacles :

Distance between obstacles:

4*length of the first obstacle

6

Definitions (from local Fr) :

➢ Transcritical flow: 

Transition from Fr<1 to Fr>1                      

(or vice versa)

➢ Supercritical flow: Fr>1

➢ Subcritical flow: Fr<1

Pratt (1984)[12]

Channel too short to 

observe the influence 

of downstream 

dissipation

•Froude number

•Pratt number



Hypotheses and experimental conditions:

• flow conservation

• Uupstream=Q/(Wh)

• No downstream condition (door open)

• No initial water level imposed

• Inter-obstacle distance set at 9.2 cm (arbitrary)

• Neglected boundary layer

Channel characteristics:

• Length: L=2.5 m

• Wide: W=5.3 cm

• Range of the flow rate: 2 to 38 L/min

• Range of the flow rate: 0.0006 to 0.0115 m²/s

Downstream gate

pump

Flow inlet
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II) 1D free surface channel

Type of asymmetric geometry used:

Length: 32.2 cm

Maximum heigth: 2.1 cm

Sluice

gate
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The flow rate 

is increased 

from one 

image to the 

other.
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Identification in 
the Pratt diagram

New 
regime

New 
regime

New
regime

β

α

γ

δ

III) Flow regimes

Germain Rousseaux et Hamid Kellay (2020), Introduction of the nomenclature with one obstacle : F, D, U, B, etc[14]

1.

2.

3.

4.

5.

6.

7.

1. Ta-S-S (Transcritical accelerating-

Supercritical-Supercritical)

2. Ta-B-Ta (Transcritical accelerating-

Breaking- Transcritical accelerating)

3. Ta-UB-Ta (Transcritical accelerating-

Undular Breaking- Transcritical

accelerating)

4. Ta-U*-Ta (Transcritical accelerating-

Undular- Transcritical accelerating)

5. D-U-Ta (Depression-Undular-

Transcritical accelerating)

6. D-E-Ta (Depression-Emitting-

Transcritical accelerating)

7. F-F-Ta (Flat-Flat-

Transcritical accelerating)













According to 

Coutant and 

Parentani

(2014)[13] and 

Euvé (2016)[5]
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Example of interface extraction on the regime 5.b) (D-U-Ta) :

= possible existence of negative modes
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Can modes 

be

measured?



Inter-obstacles distance: 9.2 cm 

without downstream condition 12

Improved Pratt diagram (                   )

Number of experimental points to train the neural network: 119
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Summary

1

2

3

4

  

   

   

   



Closest scenario to 
general relativity

Because it is possible 
to have negative 

energy waves in the 
cyan subliminal 

cavity.

1

You need

two stable horizons

A superluminal or subluminal dispersive 

correction

2

A trapping cavity with a 
flow regime compatible 

with the dispersive regime

3

Mixing of positive 

and negative modes

4

Presence of two 
horizons but the 
white horizon is 

unsteady

The undulation is 
trapped between a 

non-dispersive 
downstream horizon 

and a dispersive 
Upstream horizon.








In this scenario, the 
hawking radiation 

can be blocked 
because of 

capillary dispersion 
at small scales

two superluminal 

red cavities on 

both obstacles 

are formed but 

damping will kill 

the superluminal 

capillary waves.
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Work in progress and perspectives:

1) Reproduction of the Nice experiments (Rousseaux et al 

(2008)[15]), in the linear regime:

Objective: To show that Hawking radiation can be confined to a 

zone, because of the dispersive response of the system: the 

radiation would not spread out to infinity;

2) Corollary: radiation confinement could lead to a LASER effect 

with dispersive horizons.
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The experimental setup

Characteristics:

• Wide: W=38.5 cm

• Length: L=7 m

• Range of the flow rate: 0.004 to 

0.156 m²/s

• Laser power: 300mW

• Laser wavelength: 473 nm

Euvé et al (2016) [16]

1.6 m

0.1 m

Weinfurtner et al (2011) [17]
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Example:  
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Simulation of Vancouver-type regime:

Example:  

Weinfurtner et al (2011) [17]

Height model based on stationary Saint-Venant equations:  
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Vancouver-type regime, preliminary results:



19

Simulation of Nice-type regime:

Example:  

Rousseaux et al (2008) [15]

Definition: Nice-type regime=Pre-Vancouver 
type regime without ondulations



Nice-type regime, preliminary results :
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Example:  

Germain Rousseaux et 
al (2010) [15]
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Laser effect between negative blocking horizons ?

Incoming wave
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How to construct the improved Pratt diagram?

1. I define labels for the dataset

2. I train the network with the data

3. After training, the network predicts a 

label for the whole plan

Parameters used :

• 3 layers, 1 hidden layer

• 100 neurons in the hidden layer

• Maximum iteration : 3000

• Default setting:

1. Cost function: entropy function

2. Solver: adam

3. Activation function: the rectified linear unit 

function
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More difficult to detect the black hole laser effect!
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In this section, we use the stationary Saint-Venant model to work with analytical expressions of the water 
depth:

This is equivalent to solving the following water level model:

We must therefore solve a third-degree polynomial verified by
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Boundary conditions:



➢ For supercritical regime:

➢ For subcritical regime:

➢ For transcritical (accelerating) regime:

This gives us the following solutions:
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A particular regime : D-E-Ta


